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INTRODUCTION
Pitcher plant, Nepenthes spp., is one of the carnivorous plants, which produces unique pitcher
structure from the tip of leaf tendril for trapping and digestion of insect prey to acquire nutrients
at habitats that are deprived of nitrogen. Nepenthes ampullaria is special when compared with
other pitcher plants as it has evolved a detritivore habit for the acquisition of nutrients from
leaf litter instead of solely dependent on insects (Moran et al., 2003; Pavlovicˇ et al., 2011). The
morphology of pitcher changes upon opening in preparation for nutrient absorption (Owen et al.,
1999). Furthermore, the efficiency of pitcher trapping increases from day 3 to day 6 after opening
(Bauer et al., 2009). Hence, it is of interest to investigate the maturation of pitcher in the first 3 days
of opening. To study the pitcher fluid composition and its gene expression changes over time, we
performed the first transcriptome analysis of N. ampullaria for comparison with N. ventrata (Wan
Zakaria et al., 2016). Raw reads of the transcriptome assembly project have been deposited to SRA
database with the accession numbers SRX1400303 (Day 0 control), SRX1400308 (Day 3 control),
and SRX1400311 (day 3 depleted).
VALUE OF THE DATA
• Nepenthes spp. plants are one of the passive carnivorous genera that lack molecular genetics
information. This hinders new protein discovery through proteomic approach to understand
carnivory trait in pitcher plants.
• These data are important for the identification of unique digestive enzymes and aspartic
proteinases from pitcher plant. This will improve our understanding of the evolutionary history
of this carnivorous plant family (Pavloviè, 2012).
• Gene expression study of pitcher development can also provide insights on the regulation of
digestive enzyme secretion into pitcher fluid.
DATA
Transcriptome profile of N. ampullaria was generated from the polyA-enriched cDNA libraries
prepared from total RNA extracted from its pitcher. The short reads were filtered, processed,
assembled, and analyzed as described in the next section. Raw data for this project were deposited
at SRA database with the accession numbers SRX1400303 (http://www.ncbi.nlm.nih.gov/sra/
SRX1400303) for day 0 control, SRX1400308 (http://www.ncbi.nlm.nih.gov/sra/SRX1400308) for
day 3 longevity experiment, and SRX1400311 (http://www.ncbi.nlm.nih.gov/sra/SRX1400311) for
day 3 fluid protein depletion experiment. Assembled transcriptome fasta sequences can be accessed
at http://gohlab.researchfrontier.org/public-datasets/Nepenthes-ampullaria-Trinity-gohlab.fasta.
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TABLE 1 | Statistics of N. ampullaria assembly.
Attributes Value
PRE-ASSEMBLY
Total raw reads 141,483,256
Total processed reads 134,043,179
POST ASSEMBLY
Number of unigenes 158,757
Number of unique transcripts 202,322
N50 (bp) 1,066
Size range (bp) 224–11,748
EXPERIMENTAL DESIGN, MATERIALS,
AND METHODS
Plant Materials
N. ampullaria pitcher plants were grown under shady
environment in the nursery of experimental plot (2◦55′09.0′′N
101◦47′04.8′′E) from Jan 2014 to Apr 2015 at Universiti
KebangsaanMalaysia, Bangi, Malaysia. Individual whole pitchers
were collected in the morning and frozen in liquid nitrogen
before storing at −80◦C for further use. This study did not
involve endangered plants from the wild.
Three different pitcher samples were collected, namely day
0 control, day 3 control, and day 3 protein depletion. Day 0
control sample was collected within 24 h of pitcher opening.
For longevity experiment, to understand the effect of time after
pitcher opening for gene expression, day 0 pitcher was sealed
by parafilm and collected after 3 days. Parafilm was used to
ensure that the pitcher fluid is not contaminated by any foreign
bodies. For protein depletion experiment, pitcher fluids were
syringe filtered through 0.22µm PVDF membrane followed by
ultrafiltration at molecular weight cutoff (MWCO) of 10,000
using Microsep Advance device (PALL, USA). The pitchers were
then replenished by the filtrate with depleted protein bigger than
10 kDa, sealed by parafilm, and collected after 3 days.
Total RNA Extraction and Quality Control,
Library Preparation, and RNA-seq
For RNA works, RNAs from all samples were extracted using
modified method of CTAB (Kim and Hamada, 2005). Quantity
and integrity of the extracted total RNA were determined using
NanoDrop (Thermo Fisher Scientific Inc., USA) and Agilent
2100 bioanalyzer (Agilent Technologies, USA), respectively, to be
RIN > 8.
One pitcher sample for each treatment of N. ampullaria
was sequenced individually using the Illumina HiSeq 2500
sequencing platform. Paired end reads of 125 bp were
generated through the standard polyA-enriched library
preparation protocol implemented by Macrogen, South
Korea.
Transcriptome De novo Assembly
Raw reads from all the three data sets were filtered to
remove the adapter sequences with sequence pre-processing
tool, Trimmomatic (Bolger et al., 2014). High quality Illumina
raw reads with phred score ≥25 were kept for assembly. De
novo assembly of these processed reads was performed using
Trinity (v2.0.6) (Haas et al., 2013) with trimmomatic flag and
default k-mer size (25) as recommended by Trinity. Assembly
statistics were generated via utility script TrinityStats.pl.
Table 1 shows the statistics of the transcriptome assembly.
The assembled transcriptome fasta sequences can be used
for gene discovery, further study on the pitcher physiology,
and comparative transcriptome analysis with other Nepenthes
species.
AUTHOR CONTRIBUTIONS
WNAWZ: conducted the experiment; KKL, MMZ, FIMS, HHG:
performed analysis on the data; HHG, NMN: conceived the
project and acquired funding; WNAWZ, KKL, HHG: wrote the
manuscript.
ACKNOWLEDGMENTS
This research was supported by Fundamental Research
Grant Scheme UKM-RB-06-FRGS0259-2010 and
FRGS/2/2014/SG05/UKM/02/4 from the Malaysian
Ministry of High Education (MOHE) and Research
University Grant DIP-2014-008 from Universiti Kebangsaan
Malaysia.
REFERENCES
Bauer, U., Willmes, C., and Federle, W. (2009). Effect of pitcher age on trapping
efficiency and natural prey capture in carnivorous Nepenthes raﬄesiana plants.
Ann. Bot. 103, 1219–1226. doi: 10.1093/aob/mcp065
Bolger, A. M., Lohse, M., and Usadel, B. (2014). Trimmomatic: a flexible
trimmer for Illumina sequence data. Bioinformatics 30, 2114–2120. doi:
10.1093/bioinformatics/btu170
Haas, B. J., Papanicolaou, A., Yassour, M., Grabherr, M., Blood, P. D., Bowden,
J., et al. (2013). De novo transcript sequence reconstruction from RNA-seq
using the Trinity platform for reference generation and analysis. Nat. Protoc.
8, 1494–1512. doi: 10.1038/nprot.2013.084
Kim, S. H., and Hamada, T. (2005). Rapid and reliable method of extracting DNA
and RNA from sweetpotato, Ipomoea batatas (L). Lam. Biotechnol. Lett. 27,
1841–1845. doi: 10.1007/s10529-005-3891-2
Moran, J. A., Clarke, C. M., and Hawkins, B. J. (2003). From carnivore to
detritivore? Isotopic evidence for leaf litter utilization by the tropical pitcher
plant Nepenthes ampullaria. Int. J. Plant Sci. 164, 635–639. doi: 10.1086/375422
Owen, T. P. Jr., Lennon, K. A., Santo, M. J., and Anderson, A. N. (1999). Pathways
for nutrient transport in the pitchers of the carnivorous plant Nepenthes alata.
Ann. Bot. 84, 459–466. doi: 10.1006/anbo.1998.0944
Pavloviè, A. (2012). Adaptive radiation with regard to nutrient sequestration
strategies in the carnivorous plants of the genus Nepenthes. Plant Signal. Behav.
7, 295–297. doi: 10.4161/psb.18842
Pavlovicˇ, A., Slováková, L., and Šantrùèek, J. (2011). Nutritional benefit from leaf
litter utilization in the pitcher plant Nepenthes ampullaria. Plant Cell Environ.
34, 1865–1873. doi: 10.1111/j.1365-3040.2011.02382.x
Wan Zakaria, W. N. A., Loke, K. K., Goh, H. H., and Mohd Noor, N. (2016).
RNA-seq analysis for plant carnivory gene discovery in Nepenthes × ventrata.
Genomics Data 7, 18–19. doi: 10.1016/j.gdata.2015.11.007
Frontiers in Plant Science | www.frontiersin.org 2 January 2016 | Volume 6 | Article 1229
Wan Zakaria et al. RNA-seq Analysis of Nepenthes ampullaria
Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.
The reviewer Axel Fischer and handling Editor Dirk Walther declared their
shared affiliation, and the handling Editor states that, nevertheless, the process
met the standards of a fair and objective review.
Copyright © 2016Wan Zakaria, Loke, Zulkapli, Mohd Salleh, Goh and Mohd Noor.
This is an open-access article distributed under the terms of the Creative Commons
Attribution License (CC BY). The use, distribution or reproduction in other forums
is permitted, provided the original author(s) or licensor are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply
with these terms.
Frontiers in Plant Science | www.frontiersin.org 3 January 2016 | Volume 6 | Article 1229
